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Description 

[0001] The present invention relates to a mixture which can be used for the dissolution of asphaltene residues and 
the process for treating oil wells with the above mixture, to remove these residues, as well as heat exchangers and all 
5 the equipment used in the production phase of petroleum. 

[0002] Oil is a complex mixture of paraffin ic, cycloparaffinic and aromatic hydrocarbons in which there are compo- 
nents which have a wide range of properties: varying in tact from extremely fluid liquids to waxy solids and very viscous 
tars. 

[0003] Asphaltenes are predominant among the solid or extremely viscous components. They consist of a mixture 
10 with a varying composition of condensed aromatic and heteroaromatic polycyclic compounds. 

[0004] Owing to the presence of various metals and heteroatoms such as oxygen, nitrogen and sulfur, asphaltenes 
are among the most polar components of oil. 

[0005] In crude oil the asphaltene molecules tend to form aggregates of different units depending on the character- 
istics of the asphaltenes and oil in which they are dissolved. 
15 [0006] The recovery of the oil contained in geological formations is often hindered by the presence of solid asphaltene 
sediments. In fact, during the exploitation of an oil well, asphaltene compounds with a high molecular weight may often 
precipitate together with waxy solids. 

[0007] These solids tend to obstruct the pores of the oil rock reserve and also block the well-casings, pipes and other 
equipment used in the drilling of wells. There is consequently a reduction in the productivity of the well and in extreme 

20 cases the total loss of the well production. 

[0008] Various methods are known which can be used for removing the above solid sediments, for example me- 
chanical scratching, treatment with hot oil, treatment with water solutions of surface-active agents. The most widely 
used technique however consists in the use of organic solvents capable of dissolving the above asphaltene sediments. 
[0009] For this purpose the solvents which are generally most widely used are light aromatic hydrocarbons, for ex- 

25 ample benzene, toluene and xylene. 

[0010] In addition to their high cost, these solvents have very serious disadvantages related to their high volatility 
and low flash point. But above all, the above aromatic compositions are not highly satisfactory owing to their low 
capacity of dissolving the asphaltene residues and also due to the rather low dissolution kinetics of these. 
[001 1] A decidely more effective solvent is described in US-A-5.382.728, which discloses a solvent basically con- 

30 sisting of a hydrocarbon composition comprising saturates, alkylbenzenes and polyaromatics. The basically hydrocar- 
bon composition of US-A-5.382.728 has an excellent dissolving power of the asphaltenes and a good, but still not 
completely satisfactory, solubilization kinetics of the asphaltenes. 

[0012] US-A-4,033,784 discloses a process for dissolving asphaltic material by contact with a solvent composition 
wherein the solvent composition is comprised of a liquid heavy aromatic solvent having a high flash point and a fused 
35 heterocyclic ring compound or compounds soluble in the heavy aromatic solvent. In a particular embodiment of the 
process, benzotriazole is the preferred heterocyclic compound. 

[0013] It has now been found that a composition comprising a greater part of hydrocarbons and a smaller part of 
nitrogenated heterocycles allows a more rapid dissolution of asphaltenes. 

[0014] In accordance with this, the present invention relates to a process for the dissolution of asphaltene sediments 
<o in oil wells which consists in introducing a solubilizing composition for the above asphaltenes into the oil wells, char- 
acterized in that the solubilizing composition comprises: 

(a) a basically hydrocarbon fraction consisting of at least 70%, preferably at least 80% by weight, of aromatic and 
alkyl aromatic hydrocarbons, the alkyl group being from to C 4 ; 
45 (b) a fraction basically consisting of quinoline and isoquinoline as such or alkyl substituted, preferably as such, the 

alkyl group being from to C 4 ; 

the weight ratio between fraction (a) and (b) being from 97.5/2.5 to 75/25, preferably from 97/3 to 90/10. 

[0015] The term aromatic and alkyl aromatic hydrocarbons refers to aromatic hydrocarbons having one or more 
50 aromatic rings, possibly condensed with each other, as such or substituted with C, to C 4 alkyl or C 4 alkylene groups. 
This definition therefore comprises benzene, naphthalene, anthracene, phenanthrene, tetrahydronaphthalene, pyrene 
and the relative C r C 4 alkyl derivatives. 

[0016] The complement to 100 of fraction (a) basically consists of saturated or unsaturated or cycloaliphatic hydro- 
carbons, in other words of hydrocarbons in which there is no aromatic ring, and compounds containing heteroatoms, 
55 in particular nitrogen, sulfur and oxygen, excluding however quinoline and isoquinoline. In any case the total content 
of these heteroatoms must be such that their sum is less than 4% by weight of fraction (a). 

[0017] The composition of the present invention can be prepared by the simple mixing of (a) and (b), or, preferably, 
fractions or distillates can be used, deriving from industrial processes (crude oil, petrochemical, carbochemical refining) 
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which satisfy the above conditions, i.e. which have the established content of aromatics and quinoline and/or isoqui- 
noline. In this case fractions (a) and (b) form part of a single fraction which is industrially accessible. 
[001 8] For example the fraction called "Wash Oil" (WO) deriving from the distillation of coal tar, which in itself contains 
a certain content of quinoline (usually from 5 to 10% by weight), has proved to be particularly effective. The product 
5 called WO has an initial distillation point (ASTM D2887) of between 198 and 21 0°C, a final distillation point of between 
294 and 310°C, with 50% which distills at a temperature lower than 230 to 250°C (CAS number: 309-985-4; EINEX 
number: 101896-27-9). 

[0019] The wash oil can be used as such, or another quinoline or isoquinoline can be added as required. 
[0020] Various basically hydrocarbon fractions which are industrially available can be used as fraction (a). 
10 [0021] For example the dequinolated fraction of WO and the gas oil cut obtained from fuel oil from stream cracking, 
a prevalently aromatic residue of the production of ethylene or light olefins by the steam cracking of virgin naphtha 
and/or gas oil, can be used as component (a). 

[0022] Another fraction (a) suitable for the purpose is "Light Cycle Oil" (LCO) which originates from catalytic cracking 
processes of vacuum gas oils. 
15 [0023] The term LCO, means the fraction which has a boiling point of between 200 and 350°C. 

[0024] The appropriate quantity of the above nitrogenated heterocycles must obviously be added to these industrial 
streams which have practically no quinoline and/or isoquinoline, in order to obtain the effective composition of the 
present invention. 

[0025] The compositions of the present invention as well as having an excellent solvent power of asphaltenes, are 

20 also capable of dissolving the asphaltenes in relatively short times. 

[0026] The introduction into the wells of the mixture of the present invention is carried out with the methods well- 
known to experts in the field. It should be pointed out that these techniques usually involve a blockage period of the 
well, after the introduction of the composition selected for dissolving the asphaltenes. This improductive period of time 
is necessary for allowing contact between the asphattene sediments and the solvent. Using the mixture of the present 

25 invention, this dead time is consideraby reduced as the mixture of the present invention not only has a high solubility 
of asphaltenes, but these high solubility values are reached in shorter times than those of traditional solvents. 
[0027] The dissolution of the asphaltene formations in the wells is carried out by the normal pumping of the compo- 
sition of the present invention into the formation. The well is subsequently left to rest for a period of several hours and 
is then flushed. 

30 [0028] The following examples provide a better understanding of the present invention. 
EXAMPLES 



— ASPHALTENES 

35 

[0029] Asphaltene sediments taken during a flushing operation on an oil well were used for the experimental meas- 
urements. The sample was then washed with refluxing n-heptane to remove any possible oil adsorbed. 
[0030] The asphaltene residue has molecular weight values, determined by G.P.C., of M w = 1550 and M n = 1030, 
and the following elemental analysis: C = 84.37%, H = 5.47%, N = 0.80%, S = 1.86%. In addition the ratio between 
40 aromatic Carbons and total Carbons is 0.68. 

— SOLUBILITY MEASUREMENTS 

[0031] The solubility curves were obtained by preparing, for each solvent, about ten mixtures with a different content 
45 of asphaltene sediment and measuring via spectrophotometry the concentration of the asphaltene component dis- 
solved. 

[0032] The following operations were necessary for carrying out the measurements correctly: 

1 . Preparation of the solutions with the known ratio of dissolved asphaltene material to obtain the necessary cal- 
50 ibration lines for correlating absorbance and concentration at the three wave lengths selected for effecting the 

measurements (400, 600 and 800 nm). These solutions were prepared starting from a mother solution obtained 
by filtering a mixture of about 100 mg of sediment in 100 ml of solvent. As the asphaltene material being measured 
has a continuous composition and therefore the visible-UV spectrum can depend on the quantity and quality of 
the material brought into solution, the evaluation of the data relating to the concentration of the product dissolved 
55 during the determination of the solubility curves was obtained by values obtained at the three wave lengths. 

The wave length range within which the measurements were effected is the widest range possible in relation 
to the instrumental limits and to the fact that below 400 nm absorptions on the part of the solvents are possible. 
In most of the cases considered the calibration lines show an excellent linearity in the range of concentrations 
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examined. 

By calculation of linear regression, it is there-, fore possible to calculate the absorptivity relating to the single 
wave lengths, which are then subsequently used In calculating the concentrations in the determination phase of 
the solubility curves. 
5 2. Determination of the solubility curves. 

[0033] The determination of the solubility curves for evaluating the solvent capacities is carried out by measuring 
the quantity of asphaltene material brought into solution from mixtures with different sediment-solvent ratios. 
[0034] Experimentally a series of mixtures was prepared, containing a known quantity of sediment and increasing 
to volumes of solvents. These mixtures were sonicated for 20 minutes and then left under mechanical stirring for one 
night. The suspension thus obtained was filtered under pressure using syringes equipped with 0.5\l teflon filters and 
absorbance measurements were carried out on the filtrate, from which the concentrations of dissolved organic material 
were obtained. 

[0035] In this way, the affinity of each solvent with respect to a substrate can be evaluated on the basis of solubility 
15 curves, from which the Smax. index can be obtained, i.e. the value of maximum solubility which can be obtained with 
a certain solvent, independently of the excess of solvent used. 

[0036] In order to show the efficiency of quinolines in increasing the solubility of asphaltenes, measurements were 
carried out for determining Smax. using mixtures of toluene-quinoline with a varying quinoline content. 

20 TABLE 1 



Solvent composition (weight%) 


Smax. (weight%) 


Quinoline 


Toluene 


0 


100 


38.1 


3 


97 


55.1 


6 


94 


71.3 


10 


90 


84 


15 


85 


91.1 


50 


50 


92.3 


90 


10 


92.1 



[0037] The data of table 1 show how increasing quantities of quinoline increase the solubilization capacity of the 
toluene. It can also be seen that the maximum solubility is reached when the content of quinoline is 20-30%. 

35 

SOLUBILITY KINETICS 

[0038] In these examples the solubility kinetics are provided (carried out at room temperature) by measuring via 
visible-UV absorption (400, 600 and 800 nm) the concentration of asphaltene material brought into solution over a 
40 period of time from sediment test samples (in the form of pellets) immersed in the solvent under examination. 

[0039] The pellets are prepared by pressing exactly 100 mg of sample with a Perkin-Elmer press at a pressure of 
10,000 kg/cm 2 to obtain small disks with a diameter of 13 mm and a thickness of 0.7 mm. The above pellets are then 
placed inside a sample-holder consisting of two metal nets supported by a tripod and immersed in a litre of solvent to 
be examined. 

45 [0040] The ratio sediment/solvent is that for which the level of maximum solubility permitted for each solvent (grams 
of sediment/litre) should be reached at infinite time. 

[0041] During the test, the solution is maintained under light stirring with a magnetic anchor to guarantee the homo- 
geneity of the solution, thus avoiding the fragmentation of the pellets. 

[0042] A first series of solubilization kinetics was carried out with mixtures of toluene quinoline 85/15 by weight and 
50 as a comparison with toluene at 100%. The results are shown in Table 2. 



TABLE 2 



55 



Time (hrs) 


Toluene/quinoline 85/15 Solute (%w) 


Toluene 100% Solute (%w) 


0 


0 


0 


0.5 


6.3 


7.4 


1 


12.6 


10.1 
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TABLE 2 (continued) 



10 



Time (hrs) 


Toluene/quinoline 85/15 Solute (%w) 


Toluene 100% Solute (%w) 


2 


32.7 


12.7 


3 


45.7 




4 




15.5 


5 


58.1 




8 


64.3 


18.1 


24 


72.7 


21.6 


infinite 


91.1 


38 



[0043] The data of table 2 show the efficiency of the addition of quinoline in the solubilization process of asphaltenes. 
[0044] Table 3 finally shows the solubilization kinetics of mixtures of 1 -methyl naphthalene (MeN) and quinoline (the 
f5 kinetics of 1-methylnaphthalene as such is given as a comparison) and WO as such (i.e. with a content of quinoline 
and isoquinoline of 8% by weight) and dequinolated (i.e. with a content of quinoline and isoquinoline of 2% by weight). 
The WO used is a distillate deriving from the distillation of coal tar. The one used in the experiments had the following 
distillation curve: 

[0045] Initial BP.: 199°C; 5% volume: 215°C; 10% vol.: 222°C; 30% vol.: 236°C; 40% vol.: 242°C; 50% vol.: 253°C; 
20 60% vol.: 264°C; 70% vol.: 272°C; 80% vol.: 278°C; 90% vol.: 292°C; 95% vol.: 299°C; final B.P.: 327°C. 



TABLE 3 



30 



Time (hrs) 


MeN as such 


MeN + 3% 


MeN + 10% 


MeN + 29% as 


WO such 


WO dequin. 




Solute %w 


quin. Solute 


quin. Solute 


quin. Solute 


Solute %w 


Solute %w 






%w 


%w 


%w 






0 


0 


0 


0 


0 


0 


0 


0.5 


15.1 


23.8 


28.8 


39.9 


27.8 


17.4 


1 


31.7 


50.7 


59.9 


76.8 


55.4 


39 


1.5 


47.7 


69.7 


85.5 


>95 


78 


58.8 


2 


63 


89.7 


>95 




92.7 


76.8 


3 


87.2 


>95 






>95 


>95 


4 


>95 
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Claims 

1. Process for the dissolution of asphaltene formations of oil wells which consists in introducing a solubilizing com- 
position for said asphaltenes into the oil wells, said solubilizing composition comprising two fractions (a) and (b), 
40 fraction (a) basically consisting of at least 70% by weight of aromatic and alkyl aromatic hydrocarbons, the alkyl 

group being from C^o C 4 ; characterized in that fraction (b) basically consists of quinoline and isoquinoline as 
such or alkyl substituted, the alkyl group being from Cjto C 4 ; 
the weight ratio between fraction (a) and (b) being from 97.5/2.5 to 75/25. 

45 2. Process according to claim 1, characterized In that fraction (a) consists of at least 80% by weight of aromatic 
and alkyl aromatic hydrocarbons and fraction (b) basically consists of non-substituted quinoline and isoquinoline. 

3. Process according to claim 1 or 2, characterized in that the weight ratio between fraction (a) and (b) is between 
97/3 and 90/10. 

50 

4. Process according to claim 1, characterized in that the composition (a) + (b) basically consists of the fraction 
called "Wash Oil" deriving from the distillation of coal tar, as such or to which fraction (b) has been added. 

5. Process according to claim 1 , characterized in that fraction (a) is the gasoil cut of fuel oil from steam cracking. 

55 

6. Process according to claim 1 , characterized in that fraction (a) is LCO from Fluid Catalytic Cracking (FCC). 

7. Process according to claim 1 , characterized in that fraction (a) is WO having a content of quinoline and isoqui- 
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noline of 2 % by weight. 



Patentanspruche 

1. Verfahren zur Auflosung von Asphalten-Formationen von Erdolforderquellen, das im Einfuhren einer die Asphal- 
iene solubilisierenden Zusammensetzung in die Erdolforderquellen besteht, wobei die solubilisierende Zusam- 
mensetzung zwei Fraktionen (a) und (b) umfasst, wobei Fraktion (a) im Wesentlichen aus mindestens 70 Gew.- 
% aromatischen und Alkyl-aromatischen Kohlenwasserstoffen, wobei die Alkylgruppe von C 1 bis C 4 ist, besteht, 
dadurch gekennzeichnet, dass Fraktion (b) im Wesentlichen aus Chinolin und Isochinolin, als solches Oder Alkyl- 
substituiert, wobei die Alkylgruppe von C 1 bis C 4 ist, besteht; 

wobei das Gewichtsverhaltnis zwischen Fraktion (a) und (b) von 97,5/2,5 bis 75/25 ist. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass Fraktion (a) aus mindestens 80 Gew.-% aromati- 
schen und Alkyl-aromatischen Kohlenwasserstoffen besteht und Fraktion. (b) im Wesentlichen aus nichtsubstitu- 
iertem Chinolin und Isochinolin besteht. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das Gewichtsverhaltnis zwischen Fraktion 
(a) und (b) zwischen 97/3 und 90/10 liegt. 

4. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass die Zusammensetzung (a) + (b) im Wesentlichen 
aus der "Waschol" genannten Fraktion besteht, die sich von der Destination von Kohleteer ableitet, als solche oder 
zu der Fraktion (b) zugegeben wurde. 

5. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass Fraktion (a) der Gasolschnitt von Brennstoffol aus 
dem Dampfcracken ist. 

6. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass Fraktion (a) LCO aus dem Fluid Catalytic Cracking 
(FCC) ist. 

7. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass Fraktion (a) WO mit einem Anteil von Chinolin und 
Isochinolin von 2 Gew.-% ist. 



Revendications 

1 . Precede permettant de dissoudre des formations d'asphaltene dans des puits de petrole, lequel proctde consiste 
a introduce dans les puits de petrole une composition pouvant dissoudre lesdits asphaltenes, laquelle composition 
solubilisante comport e deux fractions (a) et (b), la fraction (a) ttant fondamentalement constitute d'au moins 70 
% en poids d'hydrocarbures aromatiques et alkyt-aromatiques dont le groupe alkyle comporte 1 a 4 atomes de 
carbone, et lequel procedt est caracteris6 en ce que la fraction (b) est fondamentalement constitute de quinoltine 
et d'isoquinoleine, telles quel les ou portant comme substituants des groupes alkyle comportant 1 a 4 atomes de 
carbone, le rapport ponderal des fractions (a) et (b) valant de 97,5/2,5 a 75/25. 

2. Procede conforme a la revendication 1, caracterise en ce que la fraction (a) est fondamentalement constitute 
d'au moins 80 % en poids d'hydrocarbures aromatiques et alkyl-aromatiques et la fraction (b) est fondamentale- 
ment constituee de quinoleine et d'isoquinoleine qui ne portent aucun substituant. 

3. Procede conforme a la revendication 1 ou 2, caracterise en ce que le rapport ponderal des fractions (a) et (b) 
vautde 97/3 a 90/10. 

4. Procede conforme a la revendication 1, caracterise en ce que la composition (a) + (b) est fondamentalement 
constituee d'une fraction appelee "huile de rincage", provenant de la distillation du goudron de houille, telle quelle 
ou additionnee de la fraction (b). 

5. Procede conforme a la revendication 1, caracterise en ce que la fraction (a) est une coupe gazole d'huile com- 
bustible, obtenue par vapocraquage. 



6 



EP 0 737 798 B1 

6. Precede conforme a la revendication 1 , caracterts6 en ce que la fraction (a) est une LCO obtenue par craquage 
catalytique en lit fluidise (FCC). 

7. Procede conforme a la revendication 1 , caracterise en ce que la fraction (a) est une WO contenant 2 % en poids 
5 de quinolelne et d'isoquinol6ine. 

15 
20 
25 
30 
35 
40 
45 
50 
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